Aeromonas hydrophila was examined for fructose and mannose transport systems. A. hydrophila was shown to possess a phosphoenolpyruvate (PEP) : fructose phosphotransferase system (fructose-PTS) and a mannosespecific PTS, both induced by fructose and mannose. The mannose-PTS of A. hydrophila exhibited cross-reactivity with Escherichia coli mannose-PTS proteins. The fructose-PTS proteins exhibited cross-reactivities with E. coli and Xanthomonas campestris fructose-PTS proteins. In A. hydrophila grown on mannose as well as on fructose, the phosphorylated derivative accumulated from fructose was fructose 1-phosphate. Identification of fructose 1-phosphate was confirmed by 13 C-NMR spectroscopy. 1-Phosphofructokinase (1-PFK), which converts the product of the PTS reaction to fructose 1,6-diphosphate, was present in A. hydrophila grown with fructose but not on mannose. An inducible phosphofructomutase (PFM) activity, an unusual enzyme converting fructose 1-phosphate to fructose 6-phosphate, was detected in extracts induced by mannose or fructose. These results suggest that in cells grown on fructose, fructose 1-phosphate could be converted to fructose 1,6-diphosphate either directly by the 1-PFK activity or via fructose 6-phosphate by the PFM and 6-phosphofructokinase activities. In cells grown on mannose, the degradation of fructose 1-phosphate via PFM and the Embden-Meyerhof pathway appeared to be a unique route.
INTRODUCTION
The genus Aeromonas used to belong to the family Vibrionaceae . Colwell et al. (1986) classified the genus Aeromonas in a new family, the Aeromonadaceae. The phylogenetic position of the Aeromonadaceae is in the gamma group of Proteobacteria with other families such as Enterobacteriaceae, Vibrionaceae and Pasteurellaceae and genera Pseudomonas and Xanthomonas (Woese, 1987) .
Aeromonas hydrophila causes disease in fish, frogs and several other animals . It is now recognized as an opportunistic pathogen of humans (Thornley et al., 1997) . To understand the ability of A. 
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In many Gram-negative bacteria, the phosphoenolpyruvate (PEP)-dependent phosphotransferase system (PTS) mediates active transport and concomitant phosphorylation of sugars and hexitols (Postma & Lengeler, 1985 ; Postma et al., 1993) . It consists of two general energy-coupling proteins (enzyme I and HPr) and a number of sugar-specific transmembrane permeases (enzymes II). In Escherichia coli, two enzyme II systems mediating glucose transport have been described (Curtis & Epstein, 1975) . They can be distinguished by their different sugar specificities (Rephaeli & Saier, 1980 ; Scholte & Postma, 1981) . The II Glc system (glucose-PTS), of narrow specificity for glucose and α-methylglucoside, comprises a membrane-bound permease (enzyme IICB Glc ) and a soluble protein (enzyme IIA Glc ).
The second system (mannose-PTS), of broader specificity (including mannose, glucose, 2-deoxyglucose, N-acetylglucosamine, glucosamine and fructose with decreasing affinity in that order), comprises a IIAB Man protein (a hydrophilic protein) (Stolz et al., 1993) which is phosphorylated during the phosphate transfer whereas IIC Man and IID Man (integral membrane proteins) are not (Erni & Zanolari, 1985 ; Williams et al., 1986) . In the family Vibrionaceae, 15 species studied contained a PTS analogous to the glucose-PTS in the Enterobacteriaceae (Meadow et al., 1987) . Four components (enzyme I, HPr, enzyme IIA Glc and enzyme IICB Glc ) of the glucose-PTS were separated and purified in Vibrio parahaemolyticus (Kubota et al., 1979) . Glucose and mannose are also PTS sugars in Vibrio furnissii (Bouma & Roseman, 1996a, b) .
For PTS-mediated fructose transport in E. coli (Hanson & Anderson, 1968 ; Saier et al., 1976) , a protein called FPr (fructose-specific HPr) was identified which combines the functions of the IIA Fru domain and of an HPrlike protein (Geerse et al., 1989) . In this case, it is FPr rather than HPr that is phosphorylated by enzyme I. At a low concentration (less than 2 mM), fructose enters E. coli via the membrane-bound permease (enzyme IIBC Fru ) and appears inside the cell as fructose 1-phosphate ; at higher concentrations, it can also enter via the membrane-bound permease (enzyme IICD Man ) and appears inside the cell as fructose 6-phosphate. In Rhodobacter capsulatus (Saier et al., 1971 ; Wu et al., 1990) and Xanthomonas campestris (De Cre! cy-Lagard et al., 1991a , b, 1995 , a high-molecular-mass soluble protein called MTP (multiphosphoryl transfer protein) was identified which combines the functions of the enzyme IIA Fru , HPr and enzyme I domains. During the process, fructose is phosphorylated to fructose 1-phosphate, which is further metabolized to fructose 1,6-diphosphate by 1-phosphofructokinase (1-PFK). In the present study, we report the presence of a mannosespecific PTS and a fructose-specific PTS both induced by fructose and mannose, and we propose a new fructose catabolic pathway in A. hydrophila grown with mannose.
METHODS
Bacterial strains and growth conditions. Strains used were : Aeromonas hydrophila CIP 7614 T , obtained from the Collection de l'Institut Pasteur ; Xanthomonas campestris pathovar campestris NRRLB 1459 (Jeanes et al., 1961) ; and Escherichia coli TP2811, F − xyl argH1 ilvA aroB ∆lacX74 ∆(ptsH ptsI crr) Km r (Le! vy et al., 1990) .
For PTS assays and the preparation of crude extract and cytoplasmic and membrane fractions, A. hydrophila was grown in minimal medium (Tanaka et al., 1967) supplemented with 0n03 % (w\v) Casamino acids and 0n2% (w\v) fructose, mannose or Casamino acids at 30 mC with shaking for 12-15 h. X. campestris and E. coli TP2811 were grown in Luria-Bertani broth (Maniatis et al., 1982) containing 0n2% (w\v) fructose or mannose at 30 mC with shaking for 12-15 h. Cells were harvested by centrifugation in the late exponential phase of growth.
Preparation of membrane and cytoplasmic fractions. Cells were washed three times with 20 mM Tris\HCl buffer (pH 7n5) containing 1 mM DTT and 1 mM EDTA and frozen at k20 mC. Cells were resuspended in the same buffer to approximately 0n2 g (wet wt) ml − " and were sonicated (Branson sonifier 450 tip 3) three times for 1 min in an ethanol\ice bath with 1 min allowed for cooling between sonications. The homogenate was centrifuged for 15 min at 5000 g to remove intact cells and cell debris. The resulting cellfree extract (crude extract) was centrifuged at 200 000 g for 3 h at 4 mC. The clear supernatant was removed and the membrane pellet was washed with 20 mM Tris\HCl buffer (pH 7n5) containing 1 mM DTT and 1 mM EDTA, and resuspended in the same buffer. Cytoplasmic fractions were concentrated three-to fivefold on Centricon 3 (Amicon).The membrane pellet, the cytoplasmic fraction and the crude extract were stored at 4 mC.
Assays for PEP : sugar PTS activity and ATP : sugar phosphorylation activity in toluene-treated cells. Cells were washed three times in M63 minimal medium (Miller, 1972) and then suspended in M63 minimal medium to 0n15 g wet weight ml − ". Phosphorylation of ["%C]fructose or ["%C] mannose (250 µM ; 290 mCi mmol − ", 10n7 GBq mmol − ") was assayed in cells which were treated with toluene. The optimal amount of toluene was determined previously using 0n5-10 µl toluene. A 1 ml aliquot of bacterial suspension was mixed with 2 µl toluene and incubated for 25 min at 30 mC. The reaction was monitored as described by Bouvet & Grimont (1987) at 30 mC. PEP or ATP was used as phosphate donor at a final concentration of 5 mM or 10 mM (respectively) and the reaction was stopped at different times by flash-freezing. The results are presented as the amount (nmol) min − " (mg protein) − " of labelled fructose or mannose converted to phosphorylated ["%C]fructose or ["%C]mannose in the presence or the absence of PEP or ATP and represent a mean of at least three determinations. For competition assays, the substrate specificity of membrane-bound permeases was determined by measuring the extent to which unlabelled sugars (fructose, mannose, 2-deoxyglucose and N-acetylglucosamine at 10 mM) reduced the rate of PEP-dependent phosphorylation of ["%C]-fructose or ["%C]mannose at 500 µM when added simultaneously to the reaction mixture. The results are expressed as percentage inhibition of the ["%C]fructose or ["%C]mannose phosphorylation.
Assays for PEP : sugar PTS activity in cell extracts. PTS activities were assayed by measuring the PEP-dependent phosphorylation of "%C-labelled sugars. The following reaction mixture was incubated at 30 mC : 10 mM MgCl # , 1 mM DTT, 12n5 mM KF, 140 µl crude extract, cytoplasmic fraction or membranes in 50 mM sodium phosphate buffer (pH 7) with or without 10 mM PEP. The reaction was initiated by adding ["%C]fructose or ["%C]mannose to a final concentration of 250 µM (290 mCi mmol − ", 10n7 GBq mmol − ") or 2-deoxyglucose to a final concentration of 400 µM (10n7 GBq mmol − "). The reaction was stopped at different times by flash-freezing and phosphorylated sugars were separated from sugar as previously described (Bouvet & Grimont, 1987) . The results represent a mean of at least three determinations and were linear over 5 min. To determine kinetic constants (K m and V max ), the cell density was adjusted to OD '!! 0n15 and concentrations of ["%C]fructose and ["%C]mannose varying from 0n1 to 5 µM were added. The reaction mixture was incubated at 30 mC and aliquots were taken at different times (each 10 s for 2 min), deposited on GF\C filters (Whatman ; 2n5 cm diameter), then washed with M63 medium to remove unincorporated ["%C] fructose and ["%C]mannose. Each filter was dried and the radioactivity was measured in a scintillation counter. Results obtained were calculated as nmol "%C-labelled sugars transported min − " (mg protein) − ". Rates were linear for 20-30 s and kinetic constants were determined by Lineweaver-Burk plots.
Identification of fructose-PTS products by TLC and 13 C-NMR spectroscopy. PEP : sugar phosphorylation assays in toluenetreated cells of A. hydrophila induced by fructose or by mannose were performed as described above except that reactions were started by adding 500 µM ["%C]fructose (290 mCi mmol − ", 10n7 GBq mmol − ") or [1-"$C]fructose (EUR-ISO-top) in the presence of PEP (final concentration of 5 mM) or ATP (final concentration of 10 mM). The reaction was stopped after 5 min at 30 mC by flash-freezing. Aliquots (10 µl) were deposited on thin layer plates of MN300 cellulose (Merck) with reference compounds in the same way. Chromatography was performed as described by Ferenci & Kornberg (1973) . Chromatograms were developed twice in ammonium acetate (pH 5), 95 % (v\v) ethanol, 0n1 M disodium EDTA (30 : 70 : 1, by vol.) at 30 mC. The positions of free ["%C]fructose and the labelled reaction products were located by placing the plates in contact with Amersham Hyperfilm-MP. The position of reference compounds (fructose 1-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate) on the chromatograms was revealed using a spray composed of 4 % (w\v) ammonium molybdate, butanol and 3 M sulfuric acid (10 : 25 : 10, by vol.) (Wawszkiewicz, 1961) and was used to identify labelled reaction products. The identification of products accumulated in toluene-treated cells grown on fructose and on mannose was confirmed by a "$C-NMR experiment. The area containing the 1-"$C-labelled reaction product was located by autoradiography. After that, the zone was scraped off and the sorbent was collected. The 1-"$C-labelled reaction product was extracted with distilled water and analysed by "$C-NMR spectroscopy.
NMR spectroscopy. All NMR data were recorded at 303 K on a Bruker AM250 spectrometer using a 10 mm broadband probe. The sample was introduced in an 8 mm NMR tube, itself inserted in a 10 mm NMR tube containing #H # O.
"$C-NMR spectra were acquired with composite pulse decoupling. The instrumental parameters were : operating frequency, 62n9 MHz ; spectral width, 15 625 Hz ; memory size, 32 K ; recycling time, 2n05 s ; number of transients, 108 000 ; and pulse angle, 40 m. Exponential filtering of 3 Hz was applied prior to Fourier transformation. Chemical shifts were referred to tetramethylsilane through the use of the α-C1 glucose resonance at 93n0 p.p.m. as an internal reference. Metabolite peaks were identified from their chemical shifts. The assignments were confirmed by adding authentic samples of each metabolite to the medium.
$"P-NMR spectra were acquired with composite pulse decoupling. The instrumental parameters were : operating frequency, 101n2 MHz ; spectral width, 4065 Hz ; memory size, 16 K ; recycling time, 2n015 s ; number of transients, 280 ; and pulse angle, 45 m. Exponential filtering of 1 Hz was applied prior to Fourier transformation. Chemical shifts were given relative to external triethyl phosphate (0 p.p.m.), which was added to #H # O. Metabolites were identified as described before.
Preparation of cell-free extracts for enzyme assays. Bacteria were harvested in the late exponential growth phase, washed three times in M63 minimal medium and resuspended to approximately 0n15 g (wet wt) ml − " in 50 mM Tris buffer (pH 7n5) with 5 mM MgCl # , 2n5 mM DTT, 12n5 mM KF and 1 % KCl.
This bacterial suspension was added to glass beads (0n10-0n11 mm diameter) and the mixture was vigorously shaken five times for 30 s at 4 mC (Bouvet et al., 1994) . After centrifugation (1 h at 12 000 g), the supernatant was assayed for enzyme activity. Supernatants were stored at k20 mC.
Enzyme assays. All assays were performed at room temperature and measured by spectrophotometric determination (at 340 nm) of the rate of NADH oxidation or the rate of NAD\NADP reduction. Specific activities were expressed as nmol substrate consumed min − " (mg protein) − " and represented means of at least three determinations. Activities of the following enzymes were assayed as described in previous publications : 6-phosphofructokinase (6-PFK) and 1-PFK (Baumann & Baumann, 1975) , 6-phosphogluconate dehydratase and 2-keto-3-deoxy-6-phosphogluconate (KDPG) aldolase (Lessie & Neidhart, 1967) , phosphofructomutase (PFM), phosphoglucose isomerase, fructose-1,6-bisphosphatase and fructose-1,6-bisphosphate aldolase (Conrad & Schlegel, 1977) , and glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase (Conrad & Schlegel, 1977) .
Glucokinases and fructokinases were determined at 30 mC by a radioactive method (Postma & Stock, 1980 ) with or without 6 mM ATP. Sugar phosphates were separated from unphosphorylated sugars by ion exchange chromatography (DE81 ; Whatman). ["%C]Glucose and ["%C]fructose were used at a final concentration of 10 mM and 1 mM, respectively. To study substrate specificity, different substrates were added to the reaction mixture at final concentrations five-to tenfold higher than the radioactive substrate. For glucokinase activity, glucose, mannose and fructose (50 mM) were used. For fructokinase activities, glucose, fructose, mannose, fructose 1-phosphate, fructose 6-phosphate and fructose 1,6-diphosphate (10 mM) were used. Specific activities were expressed as nmol sugar utilized min − " (mg protein) − " and represented means of at least three determinations.
Protein assay. Protein concentration was determined by the method of Bradford (1976) using bovine serum albumin as standard.
RESULTS

Sugar phosphorylation in toluene-treated cells and extracts
To identify PTS activities towards fructose and mannose in A. hydrophila, PEP-dependent phosphorylation experiments were conducted both in cell extracts and in toluene-treated cells (Tables 1 and 2 ). In toluene-treated cells (Table 1) (Table 1) . However, the mannose-PTS activity was induced to a low level during growth in the presence of fructose. When the same experiment was done using ATP instead of PEP, fructose was phosphorylated only in fructose-grown cells, mannose was weakly phosphorylated and 2-deoxyglucose was never phosphorylated by ATP (data not shown). † Results are expressed as nmol "%C-labelled sugars phosphorylated min −" mg −" . Activities in experiments without PEP were from 0n04 to 0n06 nmol min −" (mg protein) −" . not shown), which were restored on recombining the two preparations (Table 2) . These results suggested the presence of two PEP-dependent PTSs which transported and phosphorylated fructose and mannose. As for PTSs from other bacteria, these systems required the presence of cytoplasmic and membrane fractions. did not significantly inhibit the activity ( 5 %, data not shown). Kinetic constants were determined by uptake of ["%C] fructose and ["%C]mannose in intact cell assays. Apparent K m values for fructose and mannose uptakes were 2n8 µM and 2n3 µM, respectively, and the apparent V max of fructose uptake was 60n9 nmol min −" (mg protein) −" and 26n8 nmol min −" (mg protein) −" for mannose uptake.
Identification of fructose-PTS products by TLC and
13
C-NMR spectroscopy
To determine the product of fructose phosphorylation in A. hydrophila grown with fructose or mannose, the phosphorylated derivatives of fructose accumulated in toluene-treated cells were chromatographed as described in Methods. As shown in Fig. 1 , phosphorylated derivatives accumulated from fructose in the presence of PEP (lane 1) in A. hydrophila grown with fructose were products having the same R F values as fructose 1-phosphate and 3-phosphoglycerate. In the presence of ATP (lane 2), accumulated phosphorylated derivatives were products having the same R F values as fructose 6-phosphate and 3-phosphoglycerate. Other unidentified products were visible. Only traces of fructose 1-phosphate were detectable without phosphate donor (lane 3). In A. hydrophila grown with mannose, the phosphorylated derivative accumulated from fructose, in the presence of PEP (lane 4), was fructose 1-phosphate too. 3-Phosphoglycerate was not detected. The identification of the fructose-PTS product and 3-phosphoglycerate accumulated in toluene-treated cells grown on fructose and mannose was confirmed by "$C-NMR spectroscopy (Fig. 2) . The PEP-sugar phosphorylation assay was initiated by adding [1-"$C]fructose and the phosphorylation derivative labelled at the C1 position was identified. The resonance peaks were assigned to α-and β-fructofuranose 1-phosphate. The results suggested the presence of a PEP : fructosespecific PTS in A. hydrophila grown on fructose or mannose which produced fructose 1-phosphate and the presence of a PEP : mannose-specific PTS in A. hydrophila grown with fructose or mannose. The fact that in cells grown on mannose, the phosphorylated derivative accumulated from fructose in the presence of PEP was not fructose 6-phosphate confirms that fructose could not be transported and phosphorylated by mannose-PTS.
Interaction with other PTS systems
The functional homology between the A. hydrophila fructose-PTS and mannose-PTS and PTSs from other bacteria was examined in heterologous sugar phosphorylation assays by using soluble and membrane fractions from different sources (Table 2 ). Membranes (Table 2) . However, values obtained with the X. campestris extract were very low (compared with other activities). This is probably due to the instability of X. campestris extracts. In the same way, the cytoplasmic fraction from A. hydrophila grown with fructose or mannose was capable of complementing membranes from E. coli TP2811 grown with mannose for phosphorylation of 2-deoxyglucose ( Table 2 ).
The fructose-PTS in A. hydrophila grown with fructose or mannose exhibited cross-reactivity with E. coli and X. campestris cytoplasmic fructose-PTS proteins. The mannose-PTS in A. hydrophila grown with fructose and mannose exhibited cross-reactivity with E. coli cytoplasmic mannose-PTS proteins.
Catabolic pathways of A. hydrophila
An ATP-dependent phosphorylation of fructose, phosphorylating intracellular fructose to fructose 6-phosphate, was detected in A. hydrophila extracts. A. hydrophila exhibited fructokinase activity of 12n6 nmol phosphorylated ["%C]fructose min −" (mg protein) −" and was 80 % inhibited by fructose 1-phosphate, 69 % by fructose 6-phosphate, 48 % by fructose 1,6-diphosphate, 14 % by mannose and 10 % by glucose. This fructokinase activity was inducible by fructose and not by mannose. The activities of enzymes involved in glucidic metabolism were measured spectrophotometrically in cell-free extracts (Table 3) . A. hydrophila grown with fructose or mannose possessed enzymes characteristic of the Embden-Meyerhof pathway (6-PFK). Enzymes characteristic of the Entner-Doudoroff pathway (6-phosphogluconate dehydratase and KDPG aldolase) and of the pentose phosphate pathway (glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase) were not detected in crude extracts of A. hydrophila. Phosphoglucose isomerase and fructose-1,6-bisphosphate aldolase were present in fructose-grown cells as in mannose-grown cells. In addition, an inducible PFM activity (Conrad & Schlegel, 1977) , an unusual enzyme converting fructose 1-phosphate to fructose 6-phosphate, was detected in extracts induced by fructose and mannose (Table 3 ).
The phosphorylation of fructose by the fructose-PTS of E. coli (Ferenci & Kornberg, 1974) , X. campestris (De Cre! cy-Lagard et al., 1991a) and Streptococcus salivarius (Bourassa & Vadeboncoeur, 1992) gives rise to fructose 1-phosphate, which is further metabolized to fructose 1,6-diphosphate by 1-PFK. The extract of A. hydrophila grown with fructose had detectable 1-PFK activity. No activity of this enzyme was detected in extracts prepared from A. hydrophila grown with mannose (Table 3) . This surprising result was confirmed by $"P-NMR spectroscopy by incubating cell-free extracts with fructose 1-phosphate and ATP (data not shown). In the extract of A. hydrophila grown with fructose, resonances corresponding to ADP, P i and fructose 1,6-diphosphate appeared during time-courses indicating 1-PFK activity. No activity could be detected in extracts of A. hydrophila grown with mannose.
DISCUSSION
The observations reported above demonstrate the presence of a fructose-specific PTS and a mannose-specific PTS which are both inducible by fructose and mannose. Each system requires both membrane and cytoplasmic fractions to be functional.
The mannose-PTS in A. hydrophila exhibited crossreactivity with E. coli mannose-PTS proteins. The tight specificity of the mannose-PTS discovered in A. hydrophila contrasts with the broad specificity of the mannose-PTS of E. coli. Moreover, this system is present in A. hydrophila cells grown with mannose or fructose. Phosphorylated proteins with molecular masses similar to those of E. coli mannose-PTS proteins were visualized when incubated with [$#P]PEP (Mattoo & Waygood, 1983 ; Waygood et al., 1984) (data not shown). Additional experiments are necessary to confirm identification of the labelled proteins.
In E. coli and other Gram-negative bacteria, enzyme IIA Glc , a component of the PTS, regulates the adenylate cyclase activity (Le! vy et al., 1990) and plays an important regulation role in catabolic repression and in inducer exclusion depending on its phosphorylation state. The A. hydrophila adenylate cyclase gene (Trotot et al., 1996) has been cloned and sequenced. The presence of a PTS system and of an adenylate cyclase in A. hydrophila could suggest a possible regulatory role of the PTS as in E. coli and other Gram-negative bacteria (Crasnier & Danchin, 1990 ; Feucht & Saier, 1980) . The transport and phosphorylation of fructose which yields fructose 1-phosphate and the substrate specificity restricted to fructose clearly demonstrates the presence of fructose-specific enzymes II. Phosphorylated proteins with molecular masses similar to those of X. campestris fructose-PTS proteins (enzyme IIBC Fru and a highmolecular-mass protein, MTP-like) were detected using [$#P]PEP-dependent protein phosphorylation assays (data not shown). Further experiments are necessary to confirm identification of these labelled proteins. The fructose-PTS of A. hydrophila grown on fructose and mannose generates cytoplasmic fructose 1-phosphate. This phosphate sugar is further phosphorylated to give fructose 1,6-diphosphate. In A. hydrophila grown with fructose, the presence of an inducible PEP-fructose-PTS and 1-PFK, together with a PFM activity and a 6-PFK activity, suggested that fructose 1-phosphate was directly degraded to fructose 1,6-diphosphate or via fructose 6-phosphate (Fig. 3) . In mannose-grown cells, 1-PFK was not induced. Only the PFM and 6-PFK activities were present, suggesting that fructose 1-phosphate was degraded via fructose 6-phosphate. In E. coli, genes encoding the enzymes of the fructose-PTS and 1-PFK form an operon (Geerse et al., 1989 ; JonesMortimer & Kornberg, 1974) . The arrangement of these genes is not known in A. hydrophila but our results indicated that the regulation of the genes encoding the fructose-PTS and 1-PFK was not coordinated. To our knowledge, uncoordinated regulation of the fructose genes has never been found in Gram-negative bacteria, only in Gram-positive bacteria (Bourassa & Vadeboncoeur, 1992 ; Chassy & Thompson, 1983 ; Leblanc et al., 1979) .
A rare PFM activity was detected in extracts of cells induced by mannose and fructose. This prevents toxic accumulation of fructose 1-phosphate in the cells grown on mannose. Durham & Phibbs (1982) reported that both soluble and membrane fractions of the fructose-PTS from Pseudomonas aeruginosa do not cross-complement the respective systems in E. coli and vice versa. In this study, we observed that A. hydrophila fructose-PTS proteins exhibit cross-reactivities and functional homologies with E. coli and X. campestris fructose-PTS proteins.
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